Tail buffet studies were conducted on a full-scale,
or a LEX bursts immediately forward of the tail. Although tail buffet can be a problem for any aircraft, it is a special concern for twin-tailed fighter aircraft. The F/A-18, in particular, had serious fatigue problems due to tail buffeting until a vertical plate, referred to as the LEX fence, was developed and installed on the aircraft, Fig. I . To show the effect of the LEX fence on tall buffeting, this paper presents tail buffet data for the aircraft at zero sideslip, both with and without the LEX fence. Several studies of F-18 tail buffeting have also been carried out in small-scale tests 1-5and in numerical simulations 6,7.
Fig. 1 F/A-18 LEX Fence
The first full-scale F/A-18 wind tunnel test, Fig. 2 , was conducted as part of NASA's High Alpha Technology Program (HATP). The objective of the HATP program is to provide new technology and to validate design methods for the next generation of highly maneuverable aircraft.
The HATP program encompasses several research efforts within NASA that include small-scale wind tunnel and water tunnel tests, flight tests with the High Angle-of-Attack
Research Vehicle (HARV), CFD computations, and the full-scale wind tunnel tests conducted in the 80-by 120-Foot Wind Tunnel. In addition to the tail buffet studies, the full-scale F/A-18 wind tunnel tests include studies of forebody vortex control devices, CFD validation studies, and the compilation of surface pressure and force data to compare to small-scale tests and to flight. These studies will continue in future tests of the F/A-18 in the 80-by 120-Foot Wind Tunnel.
A survey of the results obtained in the first full-scale F/A-18 wind tunnel test is given in reference 8.
The three principle objectives of the full-scale tail buffet tests are: 1) to study the flow field characteristics of tail buffet over a wide range of angle-of-attack and sideslip, 2) to quantify the effects the LEX fence in reducing tail buffet loads, and 3) to provide full-scale data to compare with data obtained in small-scale wind tunnels. The goal of the first objective is to understand how angle-of-attack and sideslip affect tail buffet loads on twin-tailed aircraft. The data obtained will also be used to determine tall loading conditions for full-scale structural fatigue tests of the F/A-18. 2 The goal of the second objective is to understand why the LEX fence reduces tall buffet loads. This information could lead to the development of alternative methods to reduce tail buffet loads. Finally, the goal of the last objective is to aid in the development of guidelines to quantitatively predict tail buffet loads in flight from small-scale wind tunnel data. To address this objective, pressure transducers were located on the full-scale aircraft in many of the same locations used in small-scale tests, allowing direct comparisons of full-scale data with data obtained at smallscale.
Several comparisons of full-scale data with published small-scale data are presented in this paper.
EXPERIMENTAL SETUP

Wind Tunnel
The 80-by 120-Foot Wind Tunnel is part of the National Full-Scale Aerodynamic Complex (NFAC) located at NASA Ames Research Center 9. The NFAC can be configured as either a closed circuit wind tunnel with a 40-by 80-foot test section or an open circuit wind tunnel with an 80-by 120-foot test section. A schematic of the facility is shown in Fig. 3 The aircraft was supported in the wind tunnel test section by the three struts shown in Figs. 2 and 4. The two, fixed height, main struts were connected by a horizontal cross-bar.
The aircraft was attached to the cross-bar with two blade and clevis assemblies that replaced the main landing gear trunnions. The tail strut is a large linear actuator that pitches the aircraft about main strut attachment pivots. In order to maintain a positive mechanical advantage at higher angles of attack, it was necessary to attach the tail strut to a point aft of the aircraft. This was achieved with a cantilevered structure connected to the F/A-18 engine mounts and to the arresting hook pivot, Figs The three struts are mounted on a rotatable turntable that is supported by a six-component scale system. Each strut has a non-metric aerodynamic fairing mounted on a non-metric turntable that tracks the balance turntable.
Thefairings rotate tostayaligned withthewindtunnel axiswhen theturntable rotates toyawtheaircraft. The fairingforthetailstrut changes length andtilt angle to followthetailstrut when theaircraft ispitched.
Test Article
The aircraft, supplied by the U.S. Navy, is from the first F/A-18 model A production block.
The aircraft engines and avionics were removed prior to shipment to Ames Research Center. The aircraft is 56.0 ft long, has a wing span of 37.42 ft, the reference wing area is 400 ft 2, and the mean aerodynamic chord is 11.52 ft. Figure 4 is a schematic
showing the aircraft in the 80 ft high test section at the minimum and maximum angles of attack for this test. The aircraft was mounted slightly below the centerline of the test section to reduce the effect of ceiling proximity on the forebody at high angles-of-attack.
Wind tunnel blockage at 20°angle-of-attack is slightly less than 4.9% and climbs to less than 7.5% for an angle-of-attack of 50".
The aircraft was configured with flow-through inlets. The aircraft missile rails were left in place, however, no missiles were attached. The aircraft had removable LEX Fences, Fig. 1 , which are installed on all U.S. Navy F/A-18 aircraft to reduce tail buffet loads. The LEXs used in this test were the pressure instrumented pair normally flown on the HARV. The LEX fences are trapezoidal in shape, 8.375 inches high, 36.6 inches long at the base, and 27.9 inches long at the top.
The leading-edge flaps were fixed at a 33°deflection angle and trailing-edge flaps were fixed in their undeflected position.
These flap deflections match the standard control-law schedule for angles-of-attack greater than 26°. The rudders were fixed in their undeflected position. The horizontal stabilators were actuated and their position was varied with angle-of-attack to match the trimmed stabilator positions of the HARV in steady, 1 "g" flight conditions.
Instrumentation
The tail buffet instrumentation consisted of thirtytwo 15 psia pressure transducers, eight accelerometers, six strain gages, and a surface temperature sensor. The pressure transducers were mounted on the surface of the left vertical tail in a four by four matrix on both the inboard and outboard surfaces, Fig. 5 . Each vertical tail and each horizontal stabilator had two accelerometers mounted at their tips near the leading and trailing edges. The strain gages were attached to the attachment stubs of the two vertical fins and the temperature sensor attached the surface of the left vertical fin. Data was sampled at a rate of 512 Hz per channel for a period of 32 seconds. To eliminate concerns for frequency damping due to pressure lines and to ease transducer installation, absolute pressure transducers, that did not have reference pressure lines, were installed on the tail surface. Fairings, depicted in Fig. 6 , were mounted around each pressure transducer to eliminate pressure disturbances due to the transducers obstructing the flow. The signals from the pressure transducers were A/C coupled to eliminate the large D/C Chordwise Position offset due to atmospheric pressure and thereby allowing greater signal gain for increased resolution of the unsteady pressures measured.
Ground Vibration Tests
Ground vibration tests were conducted on the aircraft and on the vertical fins in particular to determine if the bending modes and natural frequencies were affected by the lack of engines and by mounting the aircraft on struts. These tests were conducted by a team from the U.S. Air Force's Wright Research Laboratory 10. Ground vibration tests were performed on the aircraft both on the ground and mounted on the wind tunnel struts. The vertical fin had first structural bending mode at 15 Hz, second bending mode at 62 Hz, and first torsion mode at 44 Hz; these values are very close to those of a fully configured production aircraft. The angle-of-attack ranged from 18°to 50°and the angleof-sideslip ranged from -15°to 15°. Only data from the zero sideslip condition is presented in this paper.
ANALYSIS METHODS
Data Reduction
The method chosen to estimate the power spectral Fig. 7 , which shows PSDs at half-second intervals for a differential pressure on the vertical tail. Such a signal is said to have "noise-like"
properties and time-averaging is required to reduce error in the PSD estimates.
The difference that time averaging makes is very dramatic. Figure 8 shows the estimated PSD when then entire record of 16384 samples is used. This PSD has a frequency resolution of 0.031 Hz, but the estimated standard deviation for a non-averaged PSD is 100%.
Averaging reduces the standard deviation by the squareroot of the number of averages, so the PSD estimate shown by the solid line in Fig. 9 , which is based on 127 half-second PSDs, has an estimated standard deviation of less than 9%. Unfortunately, the frequency resolution for Frequency, Hz this PSD is only 2 Hz. To regain some of the frequency resolution lost by using half-second time records, enough zeros are added to each record to increase the time period to 8 seconds.
The effect of zero padding is shown by the dashed line in Fig, 9 , which has an effective frequency Frequency, Hz Fig.  10(a) . Frequency, Hz Fig.  10(b) . for the reduced frequency, F, the RMS pressure coefficient, C'p, and the pressure PSD coefficient, C"p, are given in the nomenclature. For this paper the mean aerodynamic chord (11.52 fl) was chosen as the length scale, l, and the free stream velocity was chosen as the characteristic velocity, V.
EXPERIMENTAL RESULTS
LEX Fence Effect Figure  10 shows bending moment power spectra for the port-side vertical tail for angles-of-attack from 20°to 40°. The data repeatability is demonstrated in Figs. 10 (a, c, and f). As shown, the LEX fence is an effective means of reducing the bending moment power up to an angle-ofattack of 32°. Flow visualizations that were conducted during the test indicated that the LEX vortex bursts well ahead of the LEX fence position for angles-of-attack greater than 35°. For these angles-of-attack, the buffeting that occurs is most likely due to the wake of the wing and fuselage.
The LEX fence retains some effectiveness at 35", Fig. 10(e) ; however, there is no LEX fence effect at 40", Fig. 10(f) . Although the data is not presented here, there is no LEX fence effect at 45°and 50°angle-ofattack. Figure  11 shows the variation in RMS bending moment with angle-of-attack.
The LEX fence reduces the variation in the peak power with angle-of-attack for the time-averaged bending moment power spectra. The LEX fence reduces peak power for angles-of-attack less than 40°a nd the magnitude of the maximum peak power attained is reduced by nearly 50%. The frequency of the peak power, shown in Fig. 13 , is not significantly affected by the LEX fence. Frequency data is not shown for anglesof-attack less than 24°because, the power spectra did not contain clearly defined and repeatable peaks.
Scale Effects
Small-scale tests have shown that tail buffet power spectra scale very well with velocity. 1 This is also true for the full-scale test. Figure 14 presents the non-dimensional PSDs for the pressure transducer at the 60% span, 45% chord, inboard location for velocities of 168 ft/sec and 130 ft/sec. The excellent agreement exhibited over the entire frequency range indicates that velocity scaling is valid at full-scale test conditions. 0.1 0.01 
Reduced Frequency, F
Non-dimensional power spectra for two velocities.
The comparisons
of full-with small-scale data presented in this paper are for the 60% span and 45% chord location.
First, comparisons between full-and 12%-scale 1 differential pressure data are presented. Then, comparisons between full-, 16% -3, and 6%-scale 5 inboard and outboard pressure data are presented. Data for both the LEX fence off and on are presented where available. Figure 15 shows comparisons of non-dimensional power spectra from the full-and 12%-scale tests for angles-of-attack from 24o to 36°. Full-scale data was not available for 36°, so data for 35°is shown. The power spectra for 24°, 28°, and 32°, Figs. 15(a,b, and c) show good agreement for frequencies at and above the peak in the PSD, but the full-scale power spectra have more power in the lower frequencies.
The comparison between the power spectra for 35°and 36°, Fig. 15(d) , shows that the peak power for the 12%-scale is significantly greater than that for the full-scale. This indicates something unusual may have occured at 36°angle-of-attack on the small-scale model, that did not occur for the full-scale test. Figure 16 shows the reduced frequency of the peaks in the differential pressure power spectra, for the full-scale and 12%-scale.
The full-scale frequency is in good agreement with the 12%-scale frequency up to 45°angleof-attack. At 50°, the full-scale frequency drops below the frequencies shown for the 12%-scale model at 48°and 52°a ngle-of-attack. The LEX fence, at full-scale, is shown to have negliable effect on reduced frequency. Figure 17 shows that the full-scale RMS pressure coefficients are noticably higher than those of the 12%scale at angles-of-attack less than 35° The peak differential PSD pressure coefficient is shown in Fig. 18 as a function of angle-of-attack.
The coefficients agree remarkably well for full-scale and 12%scale, except for the 12%-scale points at 36°and 44°a ngle-of-attack.
The full-scale data shows a relatively smooth variation in peak power with angle-of-attack and the peak power decreases for angles-of-attack greater than 32°. The 12%-scale data shows the peak power leveling off around 28°and 32°angle-of-attack and then jumping abruptly for 36°. This indicates that something unusual is happening around 36°angle-of-attack for the 12%-scale, that does not occur at full-scale. The LEX fence, at fullscale, is shown to significantly reduce the peak differential PSD pressure at 35°angle-of-attack and lower. The overall maximum differential PSD pressure is reduced by 50% with the LEX fence on.
Comparisons
of full-scale inboard and outboard pressure data with 16%-and 6%-scale data are shown in Figs. 19 and 20 . Figure  19(a) shows the reduced frequency of the peaks in the inboard pressure power spectra and Fig. 19(b) Fig. 19 (b) Non-dimensional peak power frequency for outboard pressure at 60%-span and 4$%-chord on the vertical tail. exhibits more scatter than was shown for the frequencies found for differential pressure, Fig. 16 . The large amount of scatter makes it difficult to draw any clear conclusions from the data presented in Fig. 19 . However, the 16%scale frequenices are consistantly higher than the full-and 6%-scale frequencies in both Figs. 19(a) and 19(b) . Figure 20(a) shows the RMS pressure coefficient for inboard pressure data.
The full-scale RMS pressure coefficient is consistently greater than small-scale for angles-of-attack less than 36°. At 36°, the 16%-scale has a slightly higher RMS pressure coefficient.
The effect of the LEX fence at all three scales is to reduce the RMS pressure for angles-of-attack of 36°and less. The outboard RMS pressure coefficients, Fig. 20(b) , are lower than the inboard RMS pressures in the angle-of-attack range from 24°to 45°. The scatter in the data shown in Fig 20(b) , makes it difficult to draw any clear conclusions about the differences between model scales or about the effect of the LEX fence. Overall the inboard pressure would seem to contribute more to tail buffet loads than does the outboard pressure. Fig. 20(b) RMS pressure coefficient for outboard pressure at 60%-span and 45%-chord on the vertical tail.
CONCLUDING REMARKS
The LEX fence significantly reduces RMS bending moment and peak PSD bending moment.
It also significantly reduces RMS pressure and peak PSD pressure at all model-scales.
The LEX fence did not significantly affect the peak power frequency.
Non-dimensional peak power frequencies measured in small-scale tests agree well with the full-scale frequencies.
However, non-dimensiona/ RMS pressures measured on the full-scale aircraft were greater than those measured in small-scale tests for angles-of-attack less than 40°. Comparisons of the non-dimensional power spectra for the full-scale aircraft and the 12%-scale model show that the full-scale power spectra have more power in the frequencies below the peak power frequency.
Above this frequency, the non-dimensional power spectra for both model scales are in good agreement.
